INTRODUCTION
============

Gastrointestinal disease (GI) is known to be associated with osteopenia or osteoporosis. According to the World Health Organization, osteoporosis is defined as "systemic skeletal disease characterized by low bone mass and micro-architectural deterioration of bone tissue with a consequent increase in bone fragility and susceptibility to fractures". Fractures significantly increase the morbidity as well as the social economic burden and decrease the quality of life. Patients with GI diseases, such as the postgastrectomy state, inflammatory bowel disease (IBD), and celiac disease, are reported to be at an increased risk of developing osteoporosis and fractures and are even affected at a younger age ([Table 1](#T1){ref-type="table"}). Nevertheless, osteoporosis or fractures in GI disease tend to be overlooked in practice. Herein, we discuss osteoporosis and fractures related to the postgastrectomy state, IBD, and celiac disease.

POSTGASTRECTOMY
===============

Total or partial gastrectomy is a well-known risk factor for osteoporosis. The prevalence of osteoporosis following gastrectomy for peptic ulcer disease has been reported as 32% to 42%.\[[@B1]\] In recent times, although gastrectomy for peptic ulcer disease has decreased owing to improved medical therapy, such as the proton pump inhibitors, gastrectomy for gastric cancer has increased due to early detection. In addition, survival rate of gastric cancer patients after curative gastrectomy is as high as 90%, and bone health in gastric cancer survivors has become an important issue to avoid long-term complications. Several studies have been conducted in patients who underwent gastrectomy for gastric cancer, and the incidence of osteoporosis was found to be similar to that reported in previous studies in patients with peptic ulcer disease; a large population study using nationwide claims data reported 41.9 cases per 1,000 person-years,\[[@B2]\] and another large observation study reported 34.0%.\[[@B3]\]

Previous large population studies in patients with gastrectomy for peptic ulcer diseases reported a high incidence of fractures. In a study from Olmsted country, the cumulative incidence of fractures for a 30-year period was 72% in female patients and 48% in male. In this study, the incidence of hip fractures was 25% with a relative risk (RR) of 2.5 (95% confidence interval \[CI\], 1.9--3.3), and the incidence of vertebral fractures was 41% with an RR of 4.7 (95% CI, 3.8--5.7).\[[@B4]\] In another large population study in Sweden, the incidence of fractures in the postgastrectomy state was 35% with an RR of 1.83, compared to that in the control group.\[[@B5]\] Recent studies in patients with gastrectomy for gastric cancer also report an increased risk of fractures.\[[@B2][@B6]\] One single-center long-term large observation study reported the cumulative incidence of fractures as 40.6%.\[[@B6]\] In a national claims study in South Korea, the incidence of fractures was 27.6 per 1,000 person-years.\[[@B2]\] Interestingly, both studies reported that fractures occurred at an early period following the gastrectomy; the former study reported the occurrence of fractures at median 3.1 years after gastrectomy, and the latter reported that fractures rapidly increased until 5 years after gastrectomy.

The pathogenesis of osteoporosis and fractures in gastrectomy patients is uncertain. Several hypotheses have been suggested: malabsorption of calcium and vitamin D may play a role in postgastrectomy osteoporosis. Gastrectomy with anastomosis alters the physiology, which results in gastric dumping and formation of insoluble calcium soaps. However, many studies demonstrated normal calcium and vitamin D levels in postgastrectomy patients,\[[@B6][@B7][@B8][@B9]\] and it may contribute to elevated parathyroid hormone (PTH) levels and calcium homeostasis with dominant bone resorption.\[[@B10][@B11]\] One prospective longitudinal study showed elevated level of PTH at 1 year after gastrectomy, and higher PTH levels are associated with a greater decrease in the bone mineral density (BMD) in the spine as well as in the total hip.\[[@B10]\] In addition, only the bone resorption markers increased without concomitant increase in the bone formation markers within 1 year after gastrectomy, which indicated imbalance of bone resorption and formation due to hyperparathyroidism in the early phase. In another study, postgastrectomy patients with fractures had a significantly increased serum calcium level at 1-year postoperatively. Protein malnutrition may also attribute to postgastrectomy osteoporosis and fractures through the decreased formation of the collagen matrix in bone.\[[@B12]\] In animal data, a rat model confirmed the decrease in the number of trabeculae after gastrectomy.\[[@B13]\]

The American Gastroenterological Association (AGA) recommends BMD measurement or calcium or bisphosphonate supplementation after at least 10 years after gastrectomy.\[[@B14]\] Even the British Gastroenterology Society and other European gastroenterology societies have no specific guidelines on the monitoring and management of osteoporosis. However, according to studies, the changes in the bone turnover markers and the increased risk of osteoporosis or fractures occurred within the early period after gastrectomy.\[[@B2][@B3][@B6][@B10]\] Therefore, an early intensive surveillance program and a management plan is needed to prevent fractures following gastrectomy.

IBDs
====

The prevalence of osteoporosis in IBD patients has been reported to be from 18% to 42%.\[[@B15][@B16][@B17][@B18]\] In contrast to that in postmenopausal osteoporosis, in IBD the BMD was usually found to be lower or same in the hip than that in the vertebrae in many studies. Both male and female patients generally had similar BMD in Z or T scores. In most studies, disease diagnosis in IBD was not associated with the risk of osteoporosis.

Patients with ulcerative colitis (UC) or Crohn\'s disease (CD) are at an increased risk of developing fractures. There were several large population-based studies on fractures in IBD patients, and the overall incidence has been reported as 1/100 patient-years.\[[@B19]\] In a Danish study, although patients with UC had an overall fracture rate similar to that in the controls, patients with CD had an RR of 1.7 (95% CI, 1.7--2.3) for all fractures, 2.5 (95% CI, 1.7--3.6) for fractures in women, and 0.6 (95% CI, 0.3--1.3) in men. Both CD and UC patients have an increased risk for vertebrae fractures with RR 6.7 (95% CI, 2.1--21.7) and RR 2.4 (95% CI, 0.5--11.9), respectively.\[[@B20][@B21]\] Another two North American population-based studies also reported the small increased risk of fractures comparing to that in the control group, and the risk was greater in elderly patients.\[[@B19][@B22]\]

The main pathogenesis of osteoporosis in IBD patients is chronic inflammation. Receptor activator of nuclear factor-κB ligand (RANKL)-osteoprotegerin (OPG) system has a crucial role in bone metabolism. RANKL activates osteoclasts and stimulates bone resorption, while OPG blocks osteoclast formation. Proinflammatory cytokines, such as tumor necrosis factor-α, interleukin (IL)-1, IL-6, IL-7, and IL-17, increase the ratio of RANKL to OPG, which leads to promotion of bone resorption. Mucosal inflammation and the underlying inflammatory process in IBD lead to bone loss.\[[@B23]\] Malabsorption due to IBD or poor diet is also another factor for osteoporosis in IBD patients. Other factors such as glucocorticoid therapy and hypogonadism in CD are also important in osteoporosis.

CELIAC DISEASE
==============

Celiac disease is an immune-mediated enteropathy caused by gluten containing grains, in genetically susceptible people, and is more common in Europe and North America than in Asia. Celiac patients who were diagnosed at childhood had a lower BMD than that in the control group but showed improvement and reached to normal BMD following a gluten-free diet. However, many studies have confirmed the higher prevalence of low BMD compared to that in the general population in patients with celiac disease. The prevalence of osteoporosis in celiac disease differs in various sites; Valdimarsson reported the prevalence of osteoporosis to be 22% in the forearm, and 18% and 15% in the hip and lumber spine, respectively.\[[@B24]\] Meyer et al.\[[@B25]\] revealed low BMD in the hip 44% and in the lumbar spine 38%.

Celiac patients have an increased risk of fractures, up to 7 times higher than that in the general population of same age and gender.\[[@B26][@B27]\] According to the recent observation cohort study from Olmsted county, patients with celiac disease have an increased risk of fractures with an RR of 2.5 (95% CI, 1.1--5.6; *P*=0.030) greater than that in their matched controls. For axial fractures, patients with celiac disease had an increased risk, RR of 4.2 (95% CI, 1.0--17.6; *P*=0.050), compared to that in the controls.\[[@B28]\] As for other large studies from Europe, a Swedish study showed an RR of 2.1 (95% CI, 1.8--2.4) for hip fractures and an RR of 1.4 (95% CI, 1.3--1.5) for any fracture in celiac disease.\[[@B29]\] Another study from Spain showed a 3.5 times increased risk of fractures in patients with duodenal villous atrophy when compared to that in patients without villous atrophy.\[[@B30]\]

The pathogenesis of osteoporosis in celiac disease also might be strongly associated with malabsorption of calcium, vitamin D, zinc, and other nutritional factors due to intestinal villous atrophy. Reduced calcium intake and absorption by itself can lead to impaired bone mass, which also triggers secondary hyperparathyroidism. In addition, reduced insulin-like growth factor-1 levels may also lead to impaired bone mass. Moreover, decreased bone mass can be attributed to chronic inflammation with proinflammatory cytokines and neutralizing antibodies to OPG.

British Society of Gastroenterology recommended the measurement of calcium, alkaline phosphatase, vitamin D levels, and PTH for the diagnosis. Calcium intake should be maintained at or above 1,000 mg/day. BMD measurements should be made at intervals of 2 years in patients with ongoing villous atrophy, poor dietary adherence, and low BMD at the index measurement.\[[@B31]\] The AGA has recommended that dual energy X-ray absorptiometry scan should be performed in adult celiac disease 1 year after initiating the gluten-free diet.\[[@B14]\]

CONCLUSION
==========

Osteoporosis is a well-known complication of GI disease. Although liver diseases, including liver transplantation state and chronic pancreatitis, are not discussed in this review, they are also known to be associated with an increased risk of bone loss and fractures. Gastroenterologists should pay attention to bone disease in these patients. Currently, most of these diseases do not have specific guidelines for a diagnostic and management algorithm, and the guidelines for primary osteoporosis is being followed. Further well-designed population-based prospective studies are required to create algorithms that would help in providing tailored therapy to individual patients with GI disease who are at risk for osteoporosis and fractures at a young age.
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^a)^Defined as T-score \<−2.5 or Z-score \<−2 at any site. ^b)^Fracture risk compared to general population.

IBD, inflammatory bowel disease.
